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57 ABSTRACT

An automatic device for maintaining an aircraft at an
authorized speed compatible with the technical capabilities
of the aircraft includes:

a system for comparing the effective speed of the aircraft
with reference speeds defined 1n accordance with the
technical capabilities of the aircratft,

a system for calculating, on the basis of such comparison,
modified control values to align the effective speed
with these reference speeds, and

a system for imposing one of these calculated values on
the aircraft, if this 1s necessary to maintain the aircraft
at an authorized speed.

14 Claims, 2 Drawing Sheets
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DEVICE FOR MAINTAINING THE SPEED
OF AN AIRCRAFT WITHIN A PARTICULAR
SPEED RANGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention concerns a device for maintaining,
the speed of an aircraft within a speed range (operational
range) delimited by the maximal speed and the minimal
speed authorized by the technical capabilities of said
aircraft, regardless of the flight path commanded.

It will be noted that the invention applies more particu-
larly to an aircraft, especilally a commercial aircraft, having
control means for applying to said aircrait a commanded rate
of climb and a commanded speed, based on received control
values.

2. Description of the Prior Art

In the manner that 1s known 1n 1tself, said control means
are 1incorporated:

cither 1in the automatic pilot of the aircraft, which 1s
capable of operating;:
directly through appropriate control units known 1n
themselves on control surfaces of the aircraft to
modify 1ts rate of climb; and
indirectly on the propulsion system to modify the
thrust; the speed of the aircraft 1s the result of the rate
of climb/thrust combination;

or 1n the flight director which imdicates to the pilot the
movements to be applied to the pitch axis control to
obtain the required flight path.

Consequently, the use of an automatic pilot completely
automates the control of speed and rate of climb, whereas
the use of a tlight director necessitates the mtervention of the
pilot.

Despite these differences, and although the present
description refers first and foremost to an automatic pilot,
the 1nvention applies equally well to an aircraft provided
with an automatic pilot and to an aircraft provided with a
flight director.

For a rate of climb of the aircraft corresponding to an
imposed control value, maintaining the speed of the aircraft
at a prescribed value 1s effected, in a manner that 1s known
in 1tself, by controlling the thrust generated by the propul-
sion system of said aircraft, such control being etfected:

cither manually, by the pilot, by appropriate movement of
the throttle control;

or automatically, by means of an automatic thrust control
system.

Under the above conditions, maintaining the speed 1n the

operational range 1s impossible 1n the following situations:

firstly, 1f for a positive imposed rate of climb, 1.€. one
which corresponds to the aircraft climbing, the speed
produced by the maximal thrust that can be generated
by the propulsion system falls below the prescribed
minimal speed; and

secondly, 1f for a negative imposed rate of climb, 1.€. one

which corresponds to the aircraft descending, the speed
produced by the minimal thrust rises above the pre-
scribed maximal speed.

To remedy these critical situations, the automatic pilot
includes 1nternal protection devices incorporated 1n local-
1zed decision centers relating to the various possible modes
of operation of the aircraft which either limit the control
values 1mposed on the automatic pilot or modity the mode
of operation so that the imposed rate of climb 1s compatible
with the prescribed maximal and minimal reference speeds.
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These internal protection devices have many drawbacks,
however, including;

duplication of protection 1s necessary at each protected
decision center; and, more 1mportantly

the extent of protection 1s limited to the field of applica-
tion of the corresponding decision center with 1ts own
authority, 1n particular when the aircraft 1s in cruise
mode, which can lead to a large and highly prejudicial
excursion of the speed of the aircraft out of the range
delimited by the authorized minimal and maximal
speeds.

An object of the present 1nvention 1s to remedy these
drawbacks. The present mvention concerns a device for
automatically maintaining the speed of an aircraft, in par-
ticular of a commercial aircraft, within a speed range delim-
ited by minimal and maximal speeds authorized by the
technical capabilities of said aircratt.

SUMMARY OF THE INVENTION

To this end, 1n accordance with the invention, said device
includes:

control means for applying a controlled rate of climb to
said aircraft;

means for determining the effective speed of said aircraft;

means for comparing said effective speed with said maxi-
mal and minimal speeds, respectively;

means for calculating, on the basis of said comparison,
two modified control values adapted to align said
cifective speed with said maximal and minimal speeds,
respectively, by modification of said rate of climb; and

priority action means for imposing on said control means
one of said modified control values if such action 1s
necessary to maintain the speed of said aircraft within
said speed range.

Accordingly, with the 1nvention, 1f for a commanded rate
of climb the effective speed of the aircraft either falls below
the authorized minimal speed or rises above the authorized
maximal speed, with a phase advance, the priority action
means of the device of the mvention impose on the control
means a modified control value that leads to a modification
of the rate of climb of the aircraft in such manner as to cause
the speed of the aircraft to return within the authorized speed
range.

To modify said rate of climb, said control means advan-
tageously use the value of a reference parameter as the
control value. In accordance with the mvention, said refer-
ence parameter can be:

the rate of pitch of the aircraft;
the longitudinal attitude of the aircraft; or

the load factor, which corresponds to the difference
between the vertical acceleration of the aircraft and the
acceleration due to gravity.

In one particularly advantageous embodiment of the
invention, said comparator means and said calculator means
are incorporated 1nto one and the same calculator system.

Said calculator system advantageously includes:

a first calculator unit which determines from said effective
speed and from said maximal speed a first control value
corresponding to the value of said reference parameter
for which said aircraft may be brought to said maximal
speed;

a second calculator unmit which determines from said
eifective speed and from said minimal speed a second
control value corresponding to the value of said refer-
ence parameter for which said aircraft may be brought
to said minimal speed;
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a third calculator unit which determines from the effective
rate of climb of said aircraft a third control value
corresponding to the value of said reference parameter
for which said aircraft may be brought to a zero rate of
climb;

a first selector unit which chooses either said first control
value or said third control value as said first modified
control value, according to which of them produces the
oreater nose-down attitude of said aircraft; and

a second selector unit which chooses either said second
control value or said third control value as said second
modified control value, according to which of them
produces the greater nose-up attitude of said aircraft.

Said priority action means are advantageously adapted to

select the median value between said first and second
modified control values and the set point control value
determined by the pilot of said aircraft. In the context of the
present invention, said set point control value represents the
control value selected by the pilot (or the automatic pilot).

Said selector unit 1s advantageously adapted to select the

median value between said first and third control values and
a control value leading to a theoretical extreme nose-down
attitude that cannot be achieved by said aircraft, whereas
said second selector unit 1s advantageously adapted to select
the median value between said second and third control
values and a control value leading to a theoretical extreme
nose-up attitude that cannot be achieved by said aircraft.

In one particularly advantageous embodiment of the

invention, using the load factor as the reference parameter:

said first and second load factor control values are advan-
tageously respectively proportional to the differences
between said effective speed and said maximal and
minimal speeds, respectively, and

said load factor third control value i1s advantageously
proportional to the effective rate of climb of the aircraft.

The absolute value of each of said first and second control
values 1s advantageously limited to a predefined maximal
value, for example 0.3 g, where g represents the acceleration
due to gravity. Accordingly, movements of the aircraft
generated by such limited control values produce a modified
rate of climb of the aircraft that 1s a satisfactory compromise
between the comfort of the passengers and the effectiveness
of the protection against violation of the maximal and

minimal speeds.

The device of the mvention may advantageously include
inhibitor means adapted to 1nhibit the priority action of the
means for imposing the modified control value so that the
control means receive directly only the set point control
value.

Accordingly, the device of the invention can be inacti-
vated by actuating said inhibitor means. This facility may be
used, for example, if the aircraft 1s 1n a flight phase for which
maintaining the tlight path and therefore the rate of climb 1s
more 1mportant than maintaining the speed.

The figures of the accompanying drawings explain how
the 1nvention may be put into effect. In the figures, the same
reference numbers designate similar components.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s the block schematic of a device of the invention.

FIG. 2 shows the action of aircraft rate of climb and speed
control means.

FIG. 3 shows a selector component of the device of the
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The device 1 of the mmvention shown diagrammatically in
FIG. 1 1s mounted on an aircraft A, for example a commer-
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cial aircraft, having an automatic pilot and/or a flight
director, not shown, to maintain the aircraft A at a speed V

compatible with the operational range of said aircraft A, as
shown m FIG. 2.

To this end, said device 1 includes the following means
that are known 1n themselves:

control means 2 for applying to said aircraft A a controlled
rate of climb and a controlled speed, on the basis of
received control values. In a manner that 1s known 1n
itself, said control means 2 are incorporated into the
automatic pilot of the aircraft A and are adapted to
operate on the elevators 4 of the aircraft A to modify its
rate of climb P, as shown in FIG. 2, through the
intermediary of appropriate control members, not
shown, indicated by a connection 3. Note that the speed
1s controlled by controlling the thrust of the propulsion
system 6, by means of the autopilot, not shown, or by

action of the pilot on the throttle controls, also not
shown;

means 7 known 1n themselves for determining the etfec-
tive speed V of said aircraft A; and

means 8 known 1n themselves for determining the etfec-
tive rate of climb P of said aircraft A.

In the context of the present invention said control means
2 can also be integrated, 1f necessary, into the flight director,
not shown, of the aircraft, which 1n a manner that 1s known
in 1itself tells the pilot the maneuvers to be applied to the
pitch axis control to obtain the required rate of climb.

In practise the effective speed of the aircraft may diverge
from the commanded speed, for example if the propulsion
system 6 1s not able to supply the necessary thrust when the
commanded rate of climb 1is too high.

Obviously, for reasons of safety and for reasons relating
to the technical capabilities of the aircraft, the speed of said
aircralt must be maintained within limited ranges of values.
To this end, the automatic pilot 1s generally provided with
internal protection devices which, among other things, limait
the control values imposed on said automatic pilot.

However, the extent of such protection 1s limited so that
a large and potentially highly prejudicial excursion of the
speed out of the prescribed speed range 1s possible.

The device 1 of the invention i1s designed to prevent any
such excursion by automatically maintaining the aircraft A at
a speed compatible with the technical capabilities of said
aircrait, and 1s therefore, among other things, intended to
remedy the drawbacks of the internal protection devices
previously referred to.

To achieve this objective, said device 1 includes, 1n
accordance with the invention, 1n addition to the means 2, 7
and 8 known 1n themselves previously referred to:

a calculator system 9 which includes, as explained in
more detail hereinafter:

means for comparing the effective speed of the aircraft
with two reference speeds by determining the differ-
ence from said values (said reference speeds are
defined on the basis of the technical capabilities of the
aircralt and correspond to the maximal operational
speed and the minimal operational speed); and

means for calculating, on the basis of such comparison,
two modified control values adapted to align said
cifective speed with the respective reference speed; and

priority action means 10 for imposing on said control
means 2 one of said modified control values if such
action 1s necessary to maintain the speed of the aircraft

A within the authorized speed range.
In the context of the present mnvention, the control values
used by the control means 2 correspond to the values of a
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reference parameter which may be, for example, the speed
of the aircraft, the longitudinal attitude of said aircraft or the
load factor, which corresponds to the difference between the
vertical acceleration of the aircraft A and the acceleration
due to gravity.

In the particularly advantageous embodiment of the
invention shown in FIG. 2, said calculator system 9
includes:

a calculator unit 11 connected by a branch 12A of a
connection 12 to the means 7 and which determines,
from the effective speed V of the aircraft A received by
the means 7 and from the recorded maximal reference
speed, a first control value corresponding to the value
of said reference parameter for which the aircraft A

may be brought to said maximal speed;

a calculator unit 13 connected by a branch 12B of the
connection 12 to the means 7 and which determines,

from the effective speed V received by the means 7 and

from the recorded minimal reference speed, a second
control value corresponding to the value of said refer-
ence parameter for which the aircraft A may be brought
to said minimal speed;

a calculator unit 14 connected by a connection 15 to the
means 8 and which determines, from the effective rate
of climb P of the aircrait received by said means 8, a

third control value corresponding to the value of said
reference parameter for which the aircraft A may be

brought to a zero rate of climb;

a selector unit 16 connected to the calculator units 11 and
14 respectively by a connection 17 and by a branch 18A
of a connection 18 and which chooses either said first
control value or said third control value as the first
modified control value, depending on which of them
produces the greater nose-down attitude of the aircraft
A; and

a selector unit 19 connected to the calculator units 13 and

14 respectively by a link 20 and by a branch 18B of the

link 18 and which chooses either said second control
value or said third control value as the second modified
control value, depending on which of them produces

the greater nose-up attitude of the aircraft A.
In one advantageous embodiment, said selector units 16
and 19 select and transmit the median value of three different

values, as shown for the selector unit 16 in FIG. 3.
For said selector unit 16, the three values considered are:

the first control value received over the connection 17;

the third control value received over the branch 18 A of the
connection 18; and

a recorded control value E leading to a theoretical extreme
nose-down attitude that cannot be achieved by the
aircrait.

The selector unit 19 uses the second and third control
values and a recorded value leading to an extreme theoreti-
cal nose-up attitude that cannot be achieved by the aircraft.

Similarly, the means 10 are adapted to select the median
value between:

the first modified control value received from the selector
unit 16 over a connection 21;

the second modified control value received from the
selector unit 19 over a link 22; and

the set point control value, selected by the pilot, which 1s

recerved over a link 23 from means that are known 1n

themselves, not shown, enabling the aircraft A to be
held at the set point determined by the pilot.

In the usual case, 1.e. 1n the absence of the device 1 of the

invention, said set point control value is transmitted as such

directly to the control means 2 which apply it to the aircraft

A.
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Said median value selected by the means 10 1s transmitted
to the control means 2 which then command:

cither maintenance of the set point control value, 1f the
latter has been selected, 1.e. if the effective speed V of
the aircraft A 1s between the prescribed minimal and
maximal speeds;
or modification of the control value, 1f one of the modified
control values has been selected.
Such modification of the set point control value 1s effected
in the following cases:

if for a positive rate of climb the effective speed V of the
aircrait A drops below the prescribed minimal speed,
for a given thrust of the propulsion system 6, so that the
selected value 1s the second control value, which causes
a reduction 1n the effective rate of climb (and therefore
an increase in the speed);

if for a negative rate of climb the effective speed V of the
aircrait A rises above the prescribed maximal speed, for
a given thrust, so that the selected value 1s the first
control value, which causes an appropriate modifica-
tion of the effective rate of climb (leading to a reduction
of the speed); or

if the measured values supplied by the means 7 and 8 are
incompatible, or in the event of failure of an essential
component of the device 1 or of the automatic pilot, 1n
which case the selected value 1s then the third control
value which brings the aircraft to horizontal flight, 1.¢.
a zero rate of climb.

Thus the speed of the aircraft 1s always held within the
authorized speed range and in the extreme situation the
aircraft is levelled out (zero rate of climb).

The device 1 also includes mhibitor means 24 connected
by a connection 25 to the output means 10, by a connection
26 to the connection 23 transmitting the set point control
value and by a connection 27 to the input of the control
means 2. Said inhibitor means 24 can be:

cither 1n an 1nactive position, 1n which they connect the
connection 25 to the connection 27 so that the device 1
1S activated;

Or 1n an 1nactive position, 1n which they connect the

connection 26 to the connection 27 so that the action of

the device 1 1s inhibited and the control means 2

continue to receive the set point control value directly.

This inhibited position may be selected, 1n particular, 1f

the aircrait 1s in a flight phase for which maintaining the

flight path and therefore the rate of climb i1s more
important than maintaining the speed.

Said inhibitor means 24 may be switched between said

action and inhibition positions by means of a connection 28:

cither manually by the pilot when the pilot deems this to
be necessary or uselul;

or automatically, by appropriate means, not shown, com-
manding switching over 1n accordance with the modes
of operation of the automatic pilot.

There 1s claimed:

1. An automatic device for maintaining the speed of an
aircraft within a speed range delimited by minimal and
maximal speeds authorized by the technical capabilities of
said aircrait, said device including:

control means for applying a commanded rate of climb to
said aircraft;

means for determining the effective speed of said aircraft;

means for comparing said effective speed with said maxi-
mal and minimal speeds, respectively;

means for calculating, on the basis of said comparison,
two modified control values adapted to align said
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clfective speed with said maximal and minimal speeds,
respectively, by modification of said rate of climb; and

priority action means for imposing on said control means
one of said modified control values if such action 1s
necessary to maintain the speed of said aircraft within
said speed range.

2. The device claimed 1n claim 1 wherein said control
means use a value of a reference parameter as a control
value.

3. The device claimed in claim 1 wherein said comparator
means and said calculator means are incorporated 1nto one
and the same calculator system.

4. The device claimed 1n claim 3 wherein said calculator
system 1ncludes:

a first calculator unit which determines from said etfective
speed and from said maximal speed a first control value
corresponding to the value of said reference parameter
for which said aircraft may be brought to said maximal
speed;

a second calculator unit which determines from said

ciiective speed and from said minimal speed a second

control value corresponding to the value of said refer-
ence parameter for which said aircraft may be brought
to said minimal speed;

a third calculator unit which determines from the effective
rate of climb of said aircraft a third control value
corresponding to the value of said reference parameter
for which said aircraft may be brought to a zero rate of
climb;

a first selector unit which chooses either said first control
value or said third control value as said first modified
control value according to which of them produces a
ogreater nose-down attitude of said aircraft; and

a second selector unit which chooses between said second
control value or said third control value as said second
modified control value according to which of them
produces a greater nose-up attitude of said aircratt.
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5. The device claimed 1n claim 4 wherein said priority
action means are adapted to select a median value between
said first and second modified control values and the set
point control value determined by the pilot of said aircrafit.

6. The device claimed 1n claim 4 wherein said selector
unit 1s adapted to select a median value between said first
and third control values and a control value leading to a
theoretical extreme nose-down attitude that cannot be

achieved by said aircratt.

7. The device claimed in claim 4 wherein said second
selector unit 1s adapted to select a median value between said
second and third control values and a control value leading
to a theoretical extreme nose-up attitude that cannot be
achieved by said aircratt.

8. The device claimed in claim 2 wherein said reference
parameter 1s the rate of pitch of said aircraft.

9. The device claimed 1n claim 2 wherein said reference

parameter 1s the longitudinal attitude of said aircraft.

10. The device claimed 1n claim 2 wherein said reference
parameter 1s the load factor, which corresponds to the
difference between the vertical acceleration of said aircraft
and the acceleration due to gravity.

11. The device claimed 1n claim 4 wherein said first and
second load factor control values are respectively propor-
tional to the differences between said effective speed and
said maximal and minimal speeds, respectively.

12. The device claimed in claim 4 wherein said third load
factor control value 1s proportional to the effective rate of
climb of said aircratt.

13. The device claimed in claim 4 wherein the absolute
value of said first and second control values 1s limited to a
predefined maximal value.

14. A device as claimed i1n claim 1 including inhibitor
means adapted to inhibit the priority action of the means
adapted to 1mpose a modified control value so that said
control means receive directly only a set point control value
determined by the pilot of said aircratt.
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